A novel drive train system for pure electric vehicles is proposed. The system uses dual motor to achieve power-shift, and its transmission, which only uses one slide sleeve to shift gear uninterruptedly due to using one-way clutch, is based on parallel shaft gears and planetary gears. The structure and principle of the drive train is introduced. After the speed/torque relationship between power input and output is realized, downshift process can be described in detail. Accurate transmission model have been built and the dynamic control by PID controller of the downshift process is simulated. The simulation results show that the device has good performance in gear-shifting quality.
Nomenclature

Introduction
In recent years, due to environmental pollution and energy problems, pure electric vehicles have become hotspots of commerce and research as using a variety of energy forms, solving the problem of exhaust emissions concentratively and without idle conditions. The motor is a mature industrial product, with torquespeed characteristics, fast torque response, high energy density. However, the motor as the power source for electric vehicles with complex work conditions must run at a wider speed range. Especially in the low-speed operation, severe heat is generated and it will lead to significant reduction in efficiency [1] . Therefore the multi-gear of electric vehicle transmission becomes a development direction to reduce the motor operating range. At present, electric passenger cars are usually equipped with two speed transmission, to meet the demand for power and economy performance [2] . In combination with the advantages of the motor as mentioned, the transmission device used in electric vehicles is usually automatic mechanical transmission (AMT) with high efficiency and low cost. But in other ways, because that conventional AMT has torque interruption problem, some novel structures of AMT are presented [3] . One of these forms is a structure scheme using dual motors as power source. During gearshift process one of the two motors still provides torque [4] . The realization of dual motors structure schemes conforms to the development direction of the motor becoming more compact and higher speed. The improvement of the motor energy density makes this possible.
In this paper, a 3-speed transmission using dual motor, planetary gears and one-way clutch is presented. With simple, compact structure, it makes uninterrupted gearshift possible by operating a synchronizer and cooperating with controlling torque and speed of motors. The device will be low cost and both motors have higher utilization due to using two same motors almost working at the same time.
In section II, the structure and principle of the transmission are introduced. In section III, the speed/torque relationship between power input and output is analyzed. In section IV, gearshift process is described, and the simulation analysis of gearshift quality is also carried out. Section V presents the conclusion and summarizes this paper.
Structure and Principle
A structural diagram of the drive train for pure electric vehicle is shown in Figure 1 , including two motors, parallel-axis gear part, planetary gear part and oneway clutch overall. Gearshift is achieved by engaging a slide sleeve, which is in parallel-axis gear part, to couple with G1 or G3.
The power route of each gear is as follows.
A. Mode A
As shown in Figure 1 b), the synchronizer couples with G1. The power of the two motors is coupled by the pair of gears, and then passed through the center shaft to the sun gear of the planetary gear, and eventually output by the carrier. In the 1st gear state, the ring gear is locked by the one-way clutch. Figure 1 c) , the synchronizer couples with G3. M1 drives the ring gear; its power is transmitted by the other pair of gears. M2 drives the sun gear. The power of the two motors is coupled by the planetary gear, and eventually output by the carrier. In the 2nd gear state, the ring gear is unlocked by motor 1 driving.
C. Mode C As shown in Figure 1 d) , both G1 and G3 idle. M2 drives the sun gear, and the ring gear is locked by the one-way clutch. Power is provided by M2 only and output by the carrier.
Speed Ratio and Torque Ratio
In order to control the shift process, the speed ratio and torque ratio for each gear needs to be clarified 
A. 1st Gear
After power coupling, the speed of the sun gear is equal to M2,T i i T i T .(4)
Controlling of Gearshift Process
The device does not have a torque converter and wet clutches, so the gear shift process control is very important. In shift process, when the synchronizer is disengaged, M2 ensure output power uninterrupted, the speed of M1 is controlled by a PID controller as shown in Figure 2 to track target speed, to make sure of that the process is smooth. Figure 2 Speed control of the gear shifting process In this paper we only discuss the downshift process. The shifting process can be divided into the following 3 phases.
A. 1 ST Phase
It begins at the gearshift process starting and ends at reducing the speed of M1 to zero. In this phase, P.I.D. controller controls the torque of M1 to track the target speed, which is equal to the product of 2 ω and a scale factor. Using this scale factor, the impact in oneway clutch be reduced when the speed is reduced to almost zero at the end of this phase. 
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The scale factor is given as a function of time:
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It is necessary to adjust the torque of M2 to satisfy the function as = − 2 _ 1 34
B. 2 ND Phase
It begins at the synchronizer disengaging from G3 and ends at engaging on G1. When the speed of the ring gear is reduced to zero, the synchronizer disengages from G3. Then the speed of M1 is controlled to track the speed G1 which is idling. The speed of G1 and M2 are related by =
In this phase, because the speed ratio of the device becomes s i , the torque request of M2 should be It begins at the synchronizer engaging to G1 and ends at the two motor being back to the same operating condition.
In this phase, the speed relationship between M1 and M2 has been determined by the pair of meshed gears G1 and G2. As the torques of the two motors are controlled to be equal, the whole gear shifting process ends.
The proposed device is evaluated by a simulation model, which is set up using AMESim, shown in Figure  3 . The downshift process is simulated when climbing at 30% slope. Figure 4 , the output torque of this device is continuous, since one of the electric motors can compensate for the traction interruption. The gear shift duration time is less than 0.8s, and the jerk is in a range of ±5m/s 3 . Both of them satisfy the requirements of passenger cars.
Figure 4 Simulation results
As shown in
Conclusion
In this paper, we propose a novel transmission having 3 working modes. The structure and principle of the transmission are introduced. After analyzing the speed/torque relationship between power input and output, gearshift process is determined in detail. An accurate simulation model is built to illustrate the downshift process. In the downshift process, the speed of one motor is controlled to meet zero or the synchronous speed of the target gear by a P.I.D. controller, and the other motor cooperate to adjust the output torque. The shift duration time is about 0.7 s, and there is no torque hole during the gear shift process, the output torque is continuous, and the jerk is in a range of ±5m/s 3 , so it is acceptable.
